Photosynthesis, primary productivity, N content, and N2 fixation were determined as a function of applied NH4' in peas ( Pisum sativum L. cv. Alaska) which were inoculated or not inoculated with Rhizobium leguminosarum. Cabon dioxide exchange rate (CER) increased 19-fold, total N content 7-fold, and total dry weight 3-fold in 26-day-old uninoculated plants as applied NH4+ was increased from 0 to 16 millimolar. In inoculated plants of the same age CER and dry weight were maximal at 2 millimolar NH4', and total N content increased between 0 and 2 millimolar NH4' but did not change significantly with higher NH4' applications. Per cent N content of uninoculated plants was significantly lower than that of inoculated plants except at the highest NH4' concentration (16 millimolar). Symbiotic N2 fixation by inoculated plants was maximal in peas grown with 2 millimolar NH4+; and apparent relative efficiency of N2 fixation, calculated from C2H2 reduction and H2 evolution, was maximal in the 2 to 4 millimolar NH4' concentration range. The capacity to fix N2 through the Rhizobium-egume symbiosis significantly enhanced the rate and efficiency of photosynthesis and plant N content when NH4' concentration in the nutrient solution was below 8 millimolar. Above 8 millimolar NH4' concentration uninoculated plants had greater CER, N content, and dry weight.
The crucial roles of photosynthesis in plant growth (10, 14) and N2 fixation (1, 4, 6-8, 10) are well established. However, it has been pointed out that overemphasizing the importance of one aspect of plant metabolism, such as the dependence of whole plant response on photosynthetic products, may lead to an exaggerated view of that function (16) . It appears more plausible that growth of the plant is subject to an interdependence among the activities of various organs. For example, photosynthate production is stimulated in proportion to N influx (14) , and N deficiency reduces the rate of CO2 assimilation (1 1).
Few data are available to explain the interdependence between N nutrition and photosynthesis in legumes capable of forming symbioses with N2-fixing Rhizobium bacteria. It is known that symbiotic N2 fixation is stimulated by low levels of combined N and inhibited by higher concentrations of available N (6, 8, 12). Moderate levels of combined N available to the legume from germination do not counteract development of functional root nodules if the supply of reduced C is increased by exogenous addition of carbohydrate (17) or by raising the photosynthetic photon flux density (5).
The present study was conducted to ascertain the effect of different levels of NH4+ on photosynthesis and N nutrition of peas grown with or without Rhizobium at a photosynthetic photon flux density which saturates photosynthesis (4). This information will be useful in understanding growth of legumes on marginal lands with low levels of available N and will provide data for understanding legume response to N2 fixation by Rhizobium strains of differing efficiency (2).
MATERIALS AND METHODS
Pea (Pea sativum L. cv. Alaska) plants were maintained in a growth chamber under a 16/8-hr light/dark cycle at 21/15 C. 50/70% RH and photosynthetic photon flux density of 800 E/m'-sec measured in the photosynthetically active range. Plants were grown individually in sterile Vermiculite in 180-ml plastic pots. All seeds were surface-sterilized with 50% ethanol, and rinsed thoroughly with water before planting. One set of plants was inoculated with Rhizobium leguminosarum strain 1 28C53 (obtained originally from J. C. Burton, The Nitragin Co., Milwaukee); another set was not inoculated. The uninoculated plants grew through a hole in the plastic cover; watering was done carefully to minimize subsequent contamination. All plants were watered on alternate days with nutrient solutions containing 4 mm CaSO4, 2 mM K2HPO4, 2 mM MgSO4, I mm K2CO3, 4.2 mM CoCl2, and micronutrients according to Johnson et al. (9) . Nitrogen was added as 1, 2, 4, and 8 mm (NH4)2CO:I. The initial acidity of all solutions was adjusted to pH 7 with HCI. Each of the 10 treatments used in this study consisted of eight replicates at one of the five NH4' concentrations in the presence or absence of Rhizobium. Data were collected from 26-day-old plants. Three of the eight replicates were used for photosynthetic measurements, and five for the determination of N2 fixation. Dry weight and N content were determined by using all eight replicates. Dry weights of plant parts were measured after 24 hr at 75 C. Photosynthesis, N2 fixation, and N content were determined as described previously (5).
RESULTS
The effect of NH4' on N2 fixation was most stimulatory at a concentration of 2 mm and inhibitory at 8 and 16 mm compared with the 0 mM controls (Fig. 1) . Optimal N2 fixation was reflected in most of the other parameters measured in inoculated peas: total plant dry weight ( (Table II) No NH4' concentration-dependent maxima were evident in data from uninoculated plants. Total plant dry weight (Fig. 2),  CER (Fig. 3), total N (Fig. 4), and per cent N content (Fig. 5) increased with increasing NH4' concentration. A rapid increase in dry weight occurred as N content/plant increased from 8 to 40 mg, corresponding to an increase in the N concentration of the nutrient solution from 0 to 4 mM NH4' (Fig. 6) . A 4-fold increase in the NH4' concentration (4-16 mM) resulted in nearly a 50% increase in N content/plant, but only a 7% increase in dry weight.
Total plant dry weight, CER, and total N were significantly higher (P c 0.01) in uninoculated than in inoculated plants grown with 16 mm NH4', but were lower at 0 and 2 mm NH4' (Figs. 2, 3 , and 4). Per cent N content increased more rapidly with increasing NH4+ concentration in uninoculated than in inoculated plants but converged in both treatments at 16 mM NH4' (Fig. 5) . A factorial analysis of per cent N content data with NH4+ concentration and the presence or absence of Rhizobium as main effects showed both effects and their interaction to be highly significant (P c 0.005).
The number of nodules/plant remained stable in plants given nutrient solutions containing up to 8 mM NH4+ and declined at 16 mM NH4', but total nodule mass declined with nutrient solutions containing more than 2 mM NH4' (Table III) . Calculations from Table III (Table 11) . Hydrogen evolution declined throughout the NH4+ concentration range, but C2H2 reduction was maximal at 2 mM. The result was that the calculated RE (15) was maximal in the 2 to 4 mm NH4, range and declined toward both lower and higher NH4+ concentrations.
DISCUSSION
Various investigators have implicated photosynthesis as a primary physiological process supporting N2 fixation without making concurrent measurements of these two reductive events (1, 7, 10) . Data from this study support the concept (6, 8, 12 ) that low levels of combined N promote symbiotic N2 fixation in legumes. The mechanism of this phenomenon might now be explained as an enhancement of photosynthesis at 2 mM NH4' due to relief of N stress, but without the inhibition of N2 fixation caused by high levels of combined N. Uninoculated pea plants in this study showed the expected (1 1, 14, 16 
